Abstract-This paper is focused on application of fuzzy logic to control an automatic irrigation system. In organic way, an experienced human farmer can manage the irrigation system by sensing soil moisture by fingertip and decide the estimated timing as well as water flow rate for irrigation. This system will do everything on behalf of human. The moisture sensor of the irrigation control system has a nonlinear response and a significant time delay; it can be difficult to get satisfactory results by using a regular feedback control system. As fuzzy logic system is able to mimic human reasoning and decision making, it can improvise the regular feedback system for decision making. Data from soil moisture sensors will be used as inputs to the system. The fuzzy control system will process the estimated soil moisture contents from multiple section of land. It will use linguistic knowledge to produce a control output that is sent to a motor, which controls the water flow rate from a static water source to the land of cultivation. The control unit will also control a pump which will fill up the source/water tank. A data set will also be used to make different output for different plants. In many researches, efficiency of the fuzzy logic control system has been measured and got the satisfactory output. Here, in our project we are going take multiple values of single type of input factor and making result by using fuzzy logic to the values.
INTRODUCTION
Fuzzy logic is extension of traditional Boolean logic. It allows expressing logical values between true and false. It describes the uncertainty of the real world. It has been used in many sectors like agriculture, biomedical, environment, artificial intelligence, industrial control system and many more. It gives opportunity to utilize real world attributes in computing. Where most machines work at binary system, fuzzy logic helps us to operate in between 0 and 1. With the help of fuzzy logic multiple parameters or multiple values of single parameters can be blended together to build a rational result. Thus we can get real world like operations precise, accurate and efficient. It also reduces implementation time. In this paper we are presenting automatic irrigation system using fuzzy logic. We are controlling water flow according to water requirement through fuzzy logic.
Agriculture is one of the most important parts for survival of the people around the world. For Bangladesh agriculture is the main source of livelihood. Water is a basic component of all life and it plays a dramatic impact in cultivation. But too much water or too little water will harm the crop. And water is also very precious natural resource which should not be wasted. The key behind an efficient irrigation system is to reduce water waste and provide correct balance for optimal plant life. Therefore, an automatic and efficient irrigation system is considered. In traditional irrigation method a field is irrigated with a certain amount of water everyday which is roughly an estimation. According to this, a field needs to be irrigated everyday no matter how moist of the land is. We feel the water used here is little bit more than it is needed to maintain the required water for the crop. We put our thought to a solution that can save water as well as keep the moisture level of the land as per need. Water requirement may vary in a given day because of weather issue or any other environmental phenomena. For this kind of problems, it would be a good solution if we take the moisture level into consideration so that we can keep it in check overlooking the weather issues. Our project aims to develop an irrigation system which considers soil moisture and it will control the water flow rate in multiple steps while irrigating the field according to the needs.
II. LITERATURE REVIEW
Fuzzy logic theory was first proposed on 1963. After huge research finally fuzzy logic was implemented in Japan. In 1998 Japan established the laboratory of international engineering which is also known as LIFE, a cooperative arrangement between 48 companies to pursue fuzzy research. Being inspired from them this research is also proceeding in the United States and Europe [1] . Including fuzzy expert systems and irrigation of fuzzy logic with neural network so called adaptive "genetic" software systems with the ultimate goal of building "selflearning" fuzzy logic systems, these systems can be employed to control complex, nonlinear dynamic plants, for example, human body. In Bangladesh in the year 2014 a research paper was published from North South University based on fuzzy logic based automated irrigation system. It will give four output using fuzzy logic system, shading, no shading, irrigation, both [2] . In 2015 a research paper was published 978-1-5386-5163-6/18/$31.00 ©2018 IEEE based on the research about implementing fuzzy logic in irrigation system. In this research they used humidity, temperature and salinity to control the flow of water. The system can control the energy system (turning energy systems on or off) [3] .
Reviewing other works on fuzzy logic and irrigation, we came up with the idea to control the water flow to the field based on the moisture level. If the system is implemented, it is certain that it will help to save a significant amount of water than current systems. Our key goal is to save water from being wasted due to lack of information about the moisture level of the field. Here, our system measures the soil moisture and takes decision in real time. Upon that decision making water flow is controlled to maintain the optimum level of soil moisture for the crop in the field. As the water flow is being controlled, therefore, the chance of excessive flow of water to the field is going down as well as the crop will not die due to lack of water as the moisture sensor is continuously monitoring the moisture level.
III. FUZZY LOGIC
Fuzzy logic is basically representation of logic with many values. These values can be any real number between 0 and 1. In Boolean logic, the input of true and false are represented by1 or 0. Therefore, fuzzy logic is engaged to manage partially truth situation where true value is perhaps in between the range of completely true and completely false.
A. Fuzzy Control System
A fuzzy control system is a control system based on fuzzy logic. Basically, a control system is a set of mechanical or electronic devices that alter and regulates another physical system so that this system acts certain desired characteristics by computerized way. In fuzzy control system output approach depends on fuzzy algorithm based on fuzzy logic. There are some reasons behind using fuzzy control system. At the time of applying traditional or Boolean control, knowledge about the model is needed and the objective function formulated has to be in exact terminology. This makes it difficult. Moreover, by applying fuzzy logic for control we can use the human experience for designing this controller. Furthermore, the fuzzy control rules build basically based on the IF-THEN rules, which makes the control more efficient.
B. Advantages of Fuzzy Logic Control
There are many advantage of using fuzzy logic control. Developing model-based controller are relatively more expensive in terms of performance. Moreover, fuzzy controls are stronger than proportional-integral-derivative (PID) controllers because of their ability to handle a huge variety of functioning conditions. Lastly, they are easily customizable at the time of integrating different types of factors.
IV. METHODOLOGY
The automated irrigation system is not a new topic in this era of technology. Many models have their policy and ways to regulate and operate irrigation in automated way. Our irrigation system will run on the basis of soil moisture level. Here soil moisture is the input and at the output we will find an automated action that controls irrigation to the field based on the given moisture level.
A. System Overview
At the beginning, the sensor will read the soil moisture and send the reading to system. This is a continuous process, meaning the moisture reading will be sent to the system in every second. System will then take the value and put it into the processing of fuzzy logic. With the output of the calculation the value will generate a control method based on the moisture level and that control method will rotate a valve at the end of water supply line. The water will be supplied from a static overhead tank from one side of the field. The whole irrigation will be done between a low and a high desired preset value. When the moisture level is found at low state the system will start the irrigation at full rate. Once the irrigation is started, the moisture level will increase gradually. With this increasing moisture level the system will continuously generate a new step by compilation of fuzzy logic for the motor to rotate the valve accordingly. For later steps the valve will gradually begin to close to stop water flow until the moisture level is reached to its desired high state. Again at the high state the system will not stop taking reading of moisture level rather it will continue to take result and keep stand by until the moisture level reaches its lower value again.
B. Use of multi-step output
We need the water covering the land uniformly. To ensure the perfect reading hundreds of sensors may be needed which is not feasible. So like the diagram for each section of land there will be one or two sensors planted in one side of the land 
a single step output, the water will flow in high rate continuously. Therefore, when sensor gets the desired reading and stops the flow, already there will be extra water in the supply end of the land as soil will not get enough time to soak out and diffuse the water. In our multi-step output this problem will be overcome.
C. Building Algorithm
2) Secondly, we have built fuzzy rule sets, which later helps us to determine the fuzzy values according to the analogue inputs.
Here, we multiply the function FuzzyRuleAntecedent with a rule name mostVeryLow (very low moisture level) to build a new rule. Then verylow variable is passed through joinSingle (); to the rule to execute. It combines the single parameter to the rule.
Similarly, FuzzyRuleConsequent* firstRule = new FuzzyRuleConsequent(); creates another rule for getting the corresponding output according to previously set rule.
3) Thirdly, our analogue values are to be set to fuzzify which changes the values into fuzzy value. This graph in Figure 3 represents the fuzzy values of the input and where they merge. These merged areas are the sections where real values turn into fuzzy values.
4)
Fourthly, to get the result from fuzzy input values, these values are sent through the rules built in step 2. These rules give a defuzzified value which helps to determine final output. 
5)
Finally, according to the result at the end of step 4, valve position is set by rotating the motor.
V. RESULT
To observe the result of our model, we have to compare it with real field according to water usage. After comparing the amount of water usage we can come up with decision how much our model reduces water misuse. Wastage of water in irrigation is mainly caused by the use of traditional techniques. Though farmers have estimated calculation how much water the land needs to cultivate their desired crop by years of experience, some system loss still happens and wastage of water still occurs. To calculate the loss of water it is important to know how much water a particular size of land needs to produce a particular crop. The amount of water depends upon many factors like geographic location, season or month of cultivation, crop type, stage of growth of the plant etc.
As we are focusing on Bangladesh where Rice is the top most cultivated crop, our subject plant is rice and the subjected area is Mymensingh district. There are 4 types of rice according to irrigation: Lowland irrigated rice, Deep water or floating rice, Coastal wetland and Upland rice. In this country, deep-water rice occupied 21% of the total rice amount [6] . Generally, the flood water comes from rainfall or other reasons uses for their irrigation. Rest of the 79% of rice requires our system to reduce misusing of water.
Basic formula for the calculation of crop water requirements is: 978-1-5386-5163-6/18/$31.00 ©2018 IEEE ETo = the "reference crop evapotranspiration" in mm per unit of day. It is the value of water that is transferred from soil of particular land and the specific plant surface to the atmosphere. Now, kc of rice in middle growth is =1.2 (average among different kinds of them) [7] .
ETo varies place to place. According to a research from Bangladesh Agricultural University the ETo value of Mymensingh District of April is 5.5 [8] . Our test has been run on 4 m2 sized test bed, theoretically which has needed 2 × 2 × 0.0066 = 0.0264 m3 = 26.4 liter/per day. The bed has been watered manually 26.4 liter of water in traditional technique and measured the moisture level. Finally, that parameter has been taken as the targeted level which later has acquired by the means of the system. At the time of irrigation in three different days by the device with multi-step water flow output, the need of water has been measured and noted while achieving that desired moisture level. That practical observation has indicated a lesser amount of water usage than the theoretical need. From this data it can be concluded that an average of 12.3% less amount of water is needed to maintain certain level of moisture by the device. As 12.3% of 660 liters is 81 liters, this device can avoid 81 liters of water misuse in the previously mentioned 100 m 2 field at the time of practical usage.
VI. DISCUSSION OF FUTURE EXTENSION
As agriculture is one of the largest employment sector in Bangladesh and have a great impact in our GDP. So, a lot of features can be added along to this project in the near future.
A. Energy Conservation
To conserve energy a solar power system can be added to run the heavy pump as well as the total system. Again a system of wind turbine can be installed for more power support. It can be a solution for the present energy crisis for our country.
B. Weather Update
We can integrate current weather report with the algorithm, which can be used to augment the system. Based upon the weather data, the system will automatically delay watering the plants for few hours, if there is rain prediction in the immediate hours. If it rains, it will not irrigate the field. On the contrary, if it does not rain, we will irrigate the field after few hours.
C. IoT and Mobile Applications
Bluetooth, wifi controller and/or GSM system can be used for monitoring a large area. These features can also be used to do several manual operations. The total system can also have IoT operation. Farmers will able to access the system via internet from distant area. A server will contain all necessary data for different crops. They will select option from the website about whichever crop they will cultivate; the system will be tuned accordingly.
VII. BENEFITS

A. Economic impact of agriculture:
In any country agriculture has huge impact on their economy. Bangladesh is mainly an agricultural country. Agriculture is the largest employment sector here. The performance of this sector has a great impact on major macroeconomic objectives like employment, poverty reduction, security etc. According to World Bank, agriculture has played a major role reducing the poverty of Bangladesh from 48.9% in 2000 to 31.5% by 2010 with. Over 87% of rural people are actively or passively connected with agricultural [4] . So it has a huge contribution on our gross domestic product (GDP). GDP is the measurement of the monetary value of final goods and services -that are bought by the final user, produced in a country in a given period of time [5] . Technological up gradation in agriculture can play a vital role economy of our country.
B. Technological up gradation in irrigation:
Like all other sectors the usage of technology on agriculture is increasing with time. In our country population is growing day by day which demands more food. To face this challenge food production needs to be increased accordingly. Farmers need technological advancement to fulfil this demand. Soil fertilization, irrigation, harvesting the crops can be enriched with the help of technology. Like other sections, irrigation method should be upgraded as it is one of the most significant part of cultivation. Classic methods are less efficient, needs 978-1-5386-5163-6/18/$31.00 ©2018 IEEE more man power and makes wastage of water. An automated irrigation system can be installed to overcome these problems as well as ensure the health of crops.
C. Increasing Efficiency of farmer:
In traditional irrigation there is no limit of water or soil moisture for each crop. All crops get similar amount of water which may not be perfect for them. Some time they are getting dry and sometime over flooded. It consequences low production. In automated irrigation system each crop will get the exact amount of water what they require. So usage of water for crops will be efficient. Thus crops will grow healthy and farmers profit will increase along with country's economy.
VIII. CONCLUSION
In this paper, an automated irrigation model is proposed and successfully implemented by fuzzy algorithm where electric circuit is very simple. Cost-effectiveness and low power consumption is the highest priority at the time of designing and implementation. Using this system in small land may seem a luxury, however if we consider a large area this system will be effective properly. As the model is fully autonomous, it will help a single farmer to keep multiple field under surveillance easily. The system ensures always the required amount of water for specific crop, so no crop will get under or over irrigation. As a result, they will grow with good health and farmers will get better production. As the structural model is simple, so the total system implementations in real life use will be affordable for farmers. So they will be financially benefitted and agricultural sector of our country will be stronger. Since our algorithm is strong enough to cover a huge electric system, as our future work we want to implement it in a huge area and enrich it with many more features.
